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ABSTRACT 



A thin film magnetic head comprises a lower gap layer 
composed of an adhesion layer formed of AU0 3 or the like, 
an A1N film having a high thermal conductivity and a 
protective layer formed of A1 Z 0 3 or the like. Since the lower 
gap layer comprises the A1N film, it has an extremely high 
thermal conductivity as compared to conventional equiva- 
lents. Accordingly, heat generated from a magnctrorcsistivc 
element layer can be escaped through the lower gap layer to 
a lower shield layer so as to inhibit the temperature of 
element from elevating and to obtain a satisfactory regen- 
eration sensitivity. 

36 Claims, 13 Drawing Sheets 
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FIG. 9 
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SENSING CURRENT (mA) 
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FIG. 14 
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THIN FILM MAGNETIC HEAD HAVING A density, the density of a current from the electrode layer 5 

GAP LAYER WITH IMPROVED THERMAL should he increased. Increase of the current density, 

CONDUCTIVITY however, invites increase of heat generation from the mag- 

nctorcsistive element layer 16 and hence elevation of the 

BACKGROUND OF THE INVENTION 5 temperature of element of the magnetoresistive element 

1 v m f #»,» 1 _,«„,•„,, kyer. This is because the gap layers 20 and 21 formed under 

1. p lew 01 ine invention and wcr , he magne , ores istive element layer 16 are each 
The present invention relates to thin film magnetic heads composed of an insulation film having a low thermal con- 
mounted on, for example, hard disk drives. To be more ductivity such as ALO 

specific, it relates to thin film magnetic heads composed of ia B y way of illustration when the magnetoresistive element 

a gap layer formed over and/or under a magnetoresisttve J 16 * ^ of a spin-valve type thin film element, 

elemen layer, which gap layer composes an improved e] ^ vat{on of ^ temperahlre of elctne ' M of tbe migneton! . 

c^ducJivhv * " ^ sistive element layer 16 results in diffusion of nickel in the 

con 1 "y- Ni — Fe alloy constituting the pinned magnetic layer and free 

2. Description of the Related Art is magnetic layer, and of copper constituting the non-magnetic 
FIG. 16 is an enlarged sectional view of a conventional layer, which leads to collapse of multilayer structure of tbe 

thin film magnetic bead illustrated from an apposite side of element. The collapse of the multilayer structure in turn 

a recording medium. decreases a change rate of resistance and hence decreases the 

This thin film magnetic head is a reading head with the regeneration sensitivity. Not only in spin-valve type thin film 

use of magnctorcsistance effect, and mounted, for instance, 20 elements but also in thin film magnetic heads using AMR 

on a trailing side edge of a constitutive slider of a floating effect, elevation of the temperature of element invites elec- 

lype head. Onto the thin film magnetic head (reading head) Immigration so as to impair the durability and to shorten the 

shown in FIG. 16, a so-called inductive head for writing can life lime of the elements, 
be laminated. 

" „ SUMMARY OF THE INVENTION 
The reference numeral 1 m FIG. 16 indicates a lower 

shield layer composed of, for example, sendust or a Ni — Fe The present invention has been accomplished to solve the 

alloy (Permalloy; trade mark). Onto the lower shield layer 1 above problems. Accordingly, it is an object of the present 

is formed a lower gap layer 20 composed of a non-magnetic invention to provide a thin film magnetic head composed of 

material such as A1 2 0 3 (aluminium oxide), and onto the gap layers formed under and over a magnetoresistive ele- 

lower gap layer 20, a magnetoresistive clement layer 16 is 30 rnent layer and having an improved material or structure and 

formed, hence an enhanced thermal conductivity. In the thin film 

The magnetoresistive element layer 16 can be classified magnetic head, heat generated in the element can be escaped 

into an anisotropic magnetoresistive (AMR) element using to 80 u PP*r and lower shield layers and hence the current 

an element having magnctorcsistance effect, and a giant density can be increased and the regeneration sensitivity of 

magnetoresistive (GMR) element using an element having the magnetoresistive element layer can be enhanced, 

giant magnetoresistancc effect. For providing higher record- To be more specific, the present invention provides in one 

iag density, a GMR element having a superior regeneration aspect a thin film magnetic head being composed of a lower 

sensitivity is preferably employed. There are some species shield layer, a lower gap layer formed on the lower shield 

of structures which produce giant magnctorcsistance effect, layer, a magnetoresistive element layer formed on tbe lower 

among which a structure called as a spin-valve type thin film gap layer, an electrode layer for giving a sensing current to 

element is comparatively simple and can change its resis- the magnetoresistive element layer, an upper gap layer 

tance even in a weak magnetic field. The spin-valve type thin formed on the electrode layer, and an upper shield layer 

film element has the simplest structure composed of four formed on the upper gap layer, wherein at least one of the 

layers, i.e., a free magnetic layer (a Ni— Fe alloy), a non- 4J lower gap layer and the upper gap layer is composed of an 

magnetic electrically conductive layer (Cu), a pinned mag- insulation film comprising at least one member selected 

netic layer (a Ni— Fe alloy) and an antiferromagnctic layer from the group consisting of A1N, SiC, diamond-like carbon 

(e.g., an Fe— Mn alloy). (DLQ, BN, MgO, SiAlON, AlON, SijN 4 , SiCO, SiN, SiON 

As illustrated in FIG. 16, hard bias layer 4 as longitudinal anc ' Si CON. 

bias layer is formed on both sides of the magnetoresistive 50 Each of the above-mentioned insulation films has a higher 

element layer 16, and electrode layer 5 composed of a thermal conductivity than A1 2 0, conventionally used as gap 

non-magnetic electrically conductive material having a layers. 

small electric resistance such as Cu (copper) or W (tungsten) In the present invention, it is preferred that the insulation 

is formed on the hard bias layer 4, respectively. When the film has a film structure composed of, in toto, a crystalline 

magnetoresistive element layer 16 is composed of the afore- ss phase. This is because such a crystalline phase in toto 

mentioned spin-valve type thin film element and a sensing improves the thermal conductivity of insulation film, 

current is applied to the electrode layers S, the sensing The aforementioned insulation film can have a film struc- 

current is to flow in the pinned magnetic layer, non-magnetic jure composed of a crystalline phase mixed with a small 

electrically conductive layer and free magnetic layer of the amount of an amorphous phase. An excessive amount of 

spin-valve type thin film element. go amorphous phase, however, results in an excessively low 

Onto the electrode layer S an upper gap layer 21 com- thermal conductivity of the insulation film. Accordingly, the 
posed of a non-magnetic material such as aluminium oxide amorphous phase should be minimized in quantity, 
is formed, and onto the upper gap layer 21, an upper shield The insulation film may be incorporated with non- 
layer 7 composed of sendust or Permalloy is formed, as magnetic metal grains. Since the non-magnetic metal grains 
shown in FIG. 16. 55 oaV e a higher thermal conductivity than the insulation film, 

To enhance the regeneration sensitivity of tbe magnetore- incorporation of the non-magnetic metal grains into the 

sistive element layer 16 for providing a high recording insulation film provides a higher thermal conductivity. 
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The non-magnetic metal grains are preferably composed The anchor layer, however, should be minimized in 

of at least one member selected from the group consisting of thickness, that is, in a thickness of 100 angstroms or less, and 

Cu, Ag, Au, Ti and Cr. have a film structure of an amorphous phase. 

The non-magnetic metal grains may preferably have an Provided that the adhesion layer is composed of a crys- 

avcrage grain size of several nanometers or less. An excess 5 tallinc phase, the film stress of the insulation film increases 

average grain size increases the volume ratio of non- due to difference between the lattice constant of the crys- 

magnetic metal grains in the gap layers and decreases the talline phase in the adhesion layer and that in the insulation 

volume ratio of the insulation film, and hence insulation film, and hence the insulation film is liable to peel, 

properties are deteriorated or decayed. In another aspect the present invention provides a thin 

Therefore, the average grain size of non-magnetic metal 10 film magnetic head being composed of a lower shield layer, 

grains should advantageously be minimized. a lower gap layer formed on the lower shield layer, a 

Of the aforementioned insulation films, a film composed magnetoresistive element layer formed on the lower gap 

of A1N can advantageously be employed as the insulation layer, an electrode layer for imparting a sensing current to 

film for its good crystallinity and high thermal conductivity. the magnetoresistive clement layer, an upper gap layer 

In particular, when the insulation film is composed of 1S formed 00 ,bc electrode layer, and an upper shield layer 

A1N, it is preferable that a crystal face of a crystalline phase formcd oa lhe "PP" gap layer, wherein at least one of the 

is preferred-oriented in the direction perpendicular to a plane lower 8 a P ,avcr a "d 'he upper gap layer has a multilayer 

of the film, for enhancing the thermal conductivity of the structurc composed of an insulation layer and a non- 

Aijsf fl^ magnetic metal layer laminated in turn, and a layer facing 

T . < ' „_ ^ ■„„ ., . „„r„„. ,„ .... . ,„„-,. . the magnetoresistive element layer is composed of the 

lo be more specific, it is preferable that a (002) plane or 20 insulation layer 

a (220) plane of the crystalline phase is oriented in a . ... ' " r ,, • .. ,. , , 

direction perpendicular to a plane of the film. , ,n ths ^ ° f thc ' nv e n, '? n - *».W l ^ er ls ">™?™d 

uwnm\.u..„f.u.™ . ir 1 . . , of an insulation layer having insulation properties with the 

The (002) plane of he crystalhne phase is advantageously int itioQ of a non . magm ; tic metal ^having a high 

£ dinthedirecuonperpend icular to the plane Memal „ the , aer ca „ J e 

aawjassRSSi! , of ih Q -rap* of ? n 

than 9 7 layer and a non-magnetic metal layer, the gap layer prefer- 

■ ' . . .. , , , . , , , „ ably has a two-layer structure composed of one insulation 

t is also preferred that the crysfcl grain boundary phase 30 ^ and one non 7 . niagIlc , ic mcta , { and a , faci 

between crystalhne phases in AIN is composed of an amor- J magnetoresistive element layer is compost of the 

phous phase containing a light element, for improving the aforein e„ lioDed insulation , ayer J d a laycr fa £ MC shield 

corrosion resistance of AIN against an alkaline aqueous |ayer h mmposcd of thc ? aforeffiea!ioncd non-magnetic 

so " 10D " . . .. , „ metal layer. This structure enables the gap layer to form into 

The above-mentioned light clement is preferably com- * a multilayer structure (two-layer structure) with a least 

posed of at least one member selected from the group number of manufacturing Steps and with ease, 

consisting of B, C, O and Si. The insulation layer in this aspect may preferably be 

It is also advantageous in the present invention that a composed of an insulation film having a satisfactory thermal 

protective laycr composed of an insulation material is conductivity including AIN as mentioned above. In addition, 

formed on the insulation film. 40 when the insulation film is improved in crystallinity and 

In particular, when the insulation film is composed of incorporated with non-magnetic metal grains, the thermal 

AIN, the protective layer is formed in order to further conductivity of thc insulation layer can further be enhanced, 

improve the corrosion resistance of AIN against an alkaline The aforementioned non-magnetic metal layer is prefer- 

aqueous solution and to smooth thc surface of the gap layer a bly composed of at least one member selected from the 

composed of AIN. group co ns i s ti n g of Cu, Ag, Au, Ti and Cr. 

The protective layer is advantageously composed of at whcn the upper gap laycr has a mu i ti | aycr or two-layer 

least one member selected from the group consisting of structure constituted of an insulating layer and a non- 

A1 2 0 3 , Si0 2 , Taj,O s and SiC. magnetic metal layer, it is necessary to prevent thc non- 

In the present invention, an anchor layer formed of an so magnetic metal layer from forming in the periphery of a 

insulation material and composed of an amorphous phase is connection (joint) between the electrode layer and a main 

advantageously formed under the insulation film. electrode layer formcd onto the upper gap layer. 

The anchor layer is composed of at least one member This is because if the non-magnetic metal layer is formed 

selected from the group consisting of A^O,, Si, Si0 2 , SiN in contact with the joint of thc electrode layer and the main 

and SiC $s electrode layer, a current which should flow from the main 

Thc anchor laycr may preferably be equal to or less than electrode layer to the electrode layer flows also to the 

100 angstroms in thickness. non-magnetic metal layer. 

The anchor layer should be formed because such an When thc upper gap layer has a multilayer or two-layer 

insulation film composed of AIN or diamond-like carbon has structure constituted of an insulating layer and a non- 

an extremely poor adhesion to a lower layer and has a large so magnetic metal layer, whereas the insulation layer is pref- 

film stress so as to peel readily. erably formed of AIN or other substance having a satisfac- 

Accordingly, when the insulation film is composed of AIN lory thermal conductivity as mentioned above, a material 

or diamond-tike carbon, previous formation of an anchor having excellent insulation properties such as A1 2 Q 3 or Si0 2 

layer composed of, for example, Al 2 Oj having a good conventionally used as gap layers can also be employed as 

adhesion and low film stress as a primary coat of the 65 the insulation layer. 

insulation film can advantageously inhibit the insulation film In the hitter case, however, the thickness of insulation 

from peeling. layer should be minimized. When the insulation layer is 
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thick and composed of an insulation film having a poor and a constant "a" when the curve at each of the intensity 

thermal conductivity such as of A1 2 0 3 , heat generated from ratios shown in FIG. 14 is defined as a quadric, Y-a^+b; 

the magnetoresistive element layer is not transmitted and 

through the insulation layer to the non-magnetic metal layer. FIG. 16 is an enlarged sectional view of a thin film 

Accordingly, like conventional thin film heads, the elevation 5 magnetic head having a conventional structure. 

of element temperature of the magneto resistive element ntecooitrrtnui ot? -pun no bred cert 

layer cannot be avoided. An insulation film composed of DESCRIPTION OF THE PREFERRED 

Al 2 Oj or Si0 2 has high insulation properties and hence EMBODIMENT 

provides satisfactory insulation even if the insulation layer is FIG. 1 is an enlarged sectional view of a thin film 

thin in thickness. 10 magnetic head as the first embodiment of the invention 

As described above, according to the present invention illustrated from an opposite side to a recording medium; 

where the material or structure of the gap layer is improved, FIG. 2 is a plan view of FIG. 2; and FIG. 3 is a sectional 

the thermal conductivity of the gap layer can be enhanced view on the 3 — 3 line illustrated in FIG. 2. 

while maintaining insulation properties thereof. The thin film magnetic head as illustrated in FIGS. 1 to 3 

Accordingly, even when the current density is increased in 15 is formed at a trailing side edge of a slider constituting a 

order to increase recording density, the heat generated from floating type head and composed of only a reading head. The 

the magnetoresistive element layer can be transmitted thin film magnetic head according to the present invention 

through the gap layer having a satisfactory thermal conduc- can also be a MR/inductive composite thin film magnetic 

tivity to the shield layer so as to prevent the temperature of head formed by laminating an inductive head for writing 

element of the magnetoresistive element layer from elevat- 20 composed of a core and a coil onto the aforementioned 

ing and thereby to enhance regeneration sensitivity of the reading head. 

magnetoresistive element layer. The aforementioned reading head is used for sensing, 

with the use of magnetoresistance effect, a leakage magnetic 

BRIEF DESCRIPTION OF THE DRAWINGS field from a recording medium such as hard disk and for 

FIG. I a an enlarged sectional view illustrating a structure 25 reading a recording signal, 

of a first embodiment of the thin film magnetic head of the The lowest layer indicated in FIGS. 1 to 3 is a lower shield 

present invention; layer 1 composed of, for instance, sendust or a N1--F6 alloy 

FIG. 2 is a plan view of FIG. 1; (Permalloy), and onto the lower shield layer 1 a lower gap 

FIG. 3 is a sectional view by the 3 — 3 line shown in FIG. 30 ' a ^ r ' s °rmed. . ... 

3 On the lower gap layer 2 a magnetoresistive clement layer 

„ d . .. , W is formed. The magnetoresistive element layer 16 is, for 
FIG. 4 is an enlarged sectional view showing a structure example, an AMR element having a three-layer structure 
Of a second embodiment of the thin film magnetic head of composed of a soft adjacent layer (SAL) of a magnetically 
the invention; mft materia i ( a Co— Zr— Mo alloy or a Ni— Fe— Nb alloy), 
FIG. 5 is an enlarged partial sectional view of a gap layer a.SHUNT layer of a non-magnetic material (e.g., tantalum) 
illustrating a structure of a third embodiment of the present and an MR layer (a Ni— Fc alloy) having magnetoresistance 
invention; effect; or a spin-valve type thin film element (a kind of GMR 
FIG. 6 is an enlarged sectional view of a thin film elements) having four-laycr-structurc composed of an anti- 
magnetic bead illustrating a fourth embodiment of the m ferromagnetic layer (e.g., a Pt— Mn alloy), a pinned mag- 
invention; netic layer (e.g., a Ni — Fe alloy, Co, a Co — Fe alloy, a 
FIG. 7 is a high resolution transmission electron micro- Co— Ni alloy, a Ni — Fe — Co alloy), a non-magnetic elec- 
grapb (TEM) of an A1N film comprising no light element; l " cal ty conductive layer (Cu) and a free magnetic layer (e.g., 
FIG. 8 is a partial mimetic diagram of the high resolution * N '— Fe ^ c °' a Co— Fe 8 Co-Ni a 
transmission electron micrograph shown in FIG. 7; 45 Nl Fe Co 

FIG. 9 is a high resolution transmission electron micro- 0n bo * sidcs of the magnetoresistive element layer 16 a 

graph of an A1N film comprising any light clement; pair of hard bias layers 4 and a pair of electrode layers 5 arc 

L.„ ,„. . m 57, . , ... formed. Taking the magnetoresistive element layer 16 com- 

FIG. 10 is ap«rt»l mimetic diagram of be high resolution d of , sp Vvalve *pe min fihn dement mentioned 

transmission electron microscopy illustrated in FIG. 9; ^ve as an example, a bias magnetic filed from the hard 

FIG, 11 is a graph showing the relationship between a bias !aveis 4 ^ j mparte d to lhe free magnetic layer, and a 

sensing current and an elevation rate of the temperature of sens i n g current from the electrode layers 5 is imparted to the 

a magnetoresistive element layer in a gap layer composed of pmned ma gnetic layer, non-magnetic electrically conductive 

A1N and in a gap layer composed of AL0 3 ; layer and free magnetic layer. 

FIG. 12 is an X-ray diffractometry image of an A1N film ?j ^ hard bias layers 4 are composed of, for instance, a 

obtained by sputtering at an N z flow ratio of 5%, 10% or Co— Pt (cobalt-platinum) alloy or a Co— Cr— Pt (cobalt- 

20%; chromium-platinum) alloy. The electrode layers 5 are com- 

FIG. 13 is a graph illustrating the relationship between the posed of, for example, Cr (chromium), Ta (tantalum) or Cu 

N 2 flow ratio in sputtering and elevation of temperature of (copper). 

the element in a gap layer composed of A1N; 60 Onto the electrode layers 5 an upper gap layer 6 is formed, 

FIG. 14 is a graph showing the relationship between a and on the upper gap layer 6 an upper shield layer 7 is 

sensing current and an elevation rate of the temperature of formed of a magnetic material such as Permalloy (trade 

the element when the peak intensity ratio of a (002) plane mark). The upper side view of the upper shield layer 7 is 

relative to a (220) plane of an A1N film as the gap layer is shown in FIG. 2. 

4.0, 7.0 or 10.0; $5 As illustrated in FIGS. 2 and 3, a pair of main electrode 

FIG. 15 is a graph illustrating the relationship between the layers 8 are formed on the upper gap layer 6 in a position 

peak intensity ratio of a (002) plane relative to a (220) plane facing each of the electrode layers 5. 
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As shown in FIG. 3, a pair of connections 9 composed of The non-magnetic metal grains just mentioned above are 

Cu (copper) or Cr (chromium) similarly to the electrode preferably composed of one or more members selected from 

layers 5 and the main electrode layers 8 are formed on the the group consisting of Cu, Ag, Au, Ti and Cr. 

" p £ r 8?P 6 . t n ,i h l^f I** el ° Ct o yCfS k 5 When the gap layer 2,6 is composed of an insulation film 

facing the mam electrode layer 8. The connections 9 make $ _* Alla „ r ,h- nnn ,k„ 

the electrode layer 5 and main electrode layer 8 electrically °} M "? T th * '* C coming non-magnetic metal grams the 

connected with each other !berinal conductivity thereof can be further enhanced while 

According to the present invention, at least one of the mam,amm S lts "Nation properties, 

lower gap layer 2 and the upper gap layer 6 (hereinafter whcn thc mean 8™° size oi mc non-magnetic metal 

referred to as "gap layer 2,6") is formed by an insulation film ,„ grain* are so high as to decrease the volume ratio of the 

composed of one or more members selected from the group insulation film in the gap layer 2,6 extremely, the insulation 

consisting of AIM, SiC, diamond-like carbon (DLQ, BN, properties of the gap layer 2,6 are deteriorated, or adjacent 

MgO, SiAlON, AlON, Si,N 4 , SiCO, SiN, SiON and SiCON. grains of thc non-magnetic metal grains overlap to invite 

Each of these materials of insulation films has a higher electrical connection with each other, and hence the insula- 

thermal conductivity than A1 2 0, or Si0 2 . Therefore, accord- Jf lion properties of the gap layer 2,6 may be completely 

ing to the present invention where the gap layer 2,6 is diminished. 

composed of the aforementioned insulation film, thc thermal Accordingly, the mean grain size of the non-magnetic 

conductivity of the gap layer 2,6 can be improved. Thc metal grains should preferably be minimized. To be more 

thermal conductivity of major insulation materials as bulk specific, it should be several nanometers or less, 

materials is shown in Tabic 1 below for reference. ffl The insulation film can be incorporated with the non- 
magnetic metal grains by simultaneously forming an insu- 

TABLE 1 lation material and non-magnetic metal into a film by means 

ite-icta***, of, for example, sputtering. 

Material (w/nK) As described above, the present invention, where the 

~ 25 lower gap layer 2 and the upper gap layer 6 (or cither One Of 

So^Quaia) 3 ?4 them) are c»mpc«ed of an insulation film having an cxcel- 

ain 2$o lent thermal conductivity such as of A1N or SiC, enables heat 

sic too generated from the magnetoresistivc element layer 16 to 

c (Diamond) 660 escape efficiently through the gap layer 2,6 to the Shield 

MgO Z 30 layers land 7. 

SiAlON 3) In addition, according to the invention, the thermal con - 

si > N 'i 37 ductivity of the gap layer 2,6 can further be enhanced by 

increasing the proportion of a crystalline phase in the 

As indicated in Table 1, the insulation materials such as iQsula,ioD Q ' m . or bv incorporating non-magnetic metal 

A1N and SiC used in the present invention have a higher 35 S^ ms ml ° mB ulsulat,on film - 

thermal conductivity than those of Al^Oj and Si0 2 used as of mc aforementioned insulation films, thc use of A1N as 

conventional gap layers. * tne S a P ' a > e r 2,6 Ls particularly desirable. This is because 

In addition, as shown in Table 1. C (diamond) has a A1N has a satisfactory crystallinity and a high thermal 

thermal conductivity of 660 W/mK, indicating that it has an w conductivity as shown in Tabic 1. 

extremely high thermal conductivity as compared to other '° particular, to enhance the thermal conductivity of the 

insulation materials. insulation film composed of A1N, a crystal face of the 

According to the present invention, diamond-like carbon crystalline phase should advantageously be preferred- 

(DLQ which Ls composed of a mixture of a crystalline phase oriented in a direction perpendicular to a plane of the film, 

and an amorphous phase can be employed as the gap layer 4S By way of illustration, it is preferred that either a (002) 

2,6. Since the diamond-like carbon contains an amorphous plane or a (220) plane of the crystalline phase is oriented in 

phase, it is supposed to have a lower thermal conductivity the direction perpendicular to the plane of the film, 

than C (diamond). The thermal conductivity of DLC can, Alternatively, it is also desirable that the (002) plane of 

however, be enhanced by increasing a proportion of a the crystalline phase is preferred-oriented in the direction 

crystalline phase in DLC. ^ perpendicular to the plane of the film. To be more specific, 

Incidentally, since the thermal conductivity of each of the thc peak intensity ratio of the (002) plane relative to the 

insulation materials shown in Table 1 is a value as in a bulk (220) plane as measured by X-ray diffractomctry should 

material, it is speculated that the thermal conductivity of preferably be more than 0 and equal to or less than 3.5, or 

each of insulation materials formed into a film by sputtering equal to or more than 9.7. 

or other process will show a somewhat different value from 5S it was found from experiences that the peak intensity ratio 

that indicated in Table 1. of the (002) plane relative to the (220) plane ranging from 

To further enhance the thermal conductivity of the insu- 35 to 9.7 deteriorates the thermal conductivity of the 

lation film composed ofAIN or the like used as the gap layer insulation film and hence increases elevation rate of the 

2,6 in the invention, it is advantageous to increase a crys- temperature of element (see FIG. 15; explanation of the 

talline phase in volume ratio in the insulation film. More <so graph will be described below). 

preferably, the film structure in toto of thc insulation film In other words, when the gap layer 2,6 is composed of 
should be a crystalline phase. AIN, a crystal face of a crystalline phase is advantageously 
According to the invention, incorporation of non- preferred-oriented in the direction perpendicular to the plane 
magnetic metal grains having a higher thermal conductivity of the film in order to further enhance the thermal conduc- 
tion the insulation film into the insulation film composed of 65 tivity thereof. More concretely, it is preferable that a (002) 
AIN or the like can further increase the thermal conductivity plane or a (220) plane of the crystalline phase is oriented in 
of the film. the direction perpendicular to the plane of the film, or that 
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the (002) plane of the crystalline phase is preferred-oriented film, a target of A1N containing B, C, O, Si or other light 
in the direction perpendicular to the film plane so that the elements is employed for sputtering, 
peak intensity ratio of the (002) plane relative to the (220) FIG. 9 is a high resolution transmission electron micro- 
plane measured by X-ray diffract ometry is more than 0 and graph fTEM) of an A1N film obtained by forming an AIN 
equal to or less than 3.5, or equal to or more than 9.7. 5 film containing a light clement in its crystal grain boundary 
Incidentally, although AIN has a satisfactory crystallinity phase on a substrate, and FIG. 10 is a partial mimetic 
and a high thermal conductivity as mentioned above and diagram illustrating the high resolution TEM shown in FIG. 
hence it is one of the most preferable insulation materials as 9. 

an insulation film used as the gap layer 2,6, AIN is charac- The reference numeral 1 shown in FIGS. 9 and 10 

terized by dissolving easily in an alkaline aqueous solution, jq indicates a crystalline phase and the reference numeral 2 

Since such art alkaline aqueous solution is employed as a indicates a crystal grain boundary phase, 

developing solution in patterning of photoresist, the gap As apparent from FIGS. 9 and 10, the crystalline phase in 

layer 2,6 should have insolubility in an alkaline aqueous FIGS. 9 and 10 is a columnar crystal as well as the 

solution. crystalline phase shown in FIGS. 7 and 8. 

is In the high resolution transmission electron micrograph of 

TABLE 2 FIG. 9, the crystal grain boundary phase (numeral 2) in the 

form of a belt adjacent the crystalline phase (numeral 1) is 
photographed in white. This is because the grain boundary 
phase contains a light element such as B or O. 
20 On the contrary, in the high resolution transmission elec- 
tron micrograph shown in FIG. 7, the crystal grain boundary 
phase between each of the crystalline phases (reference 
numeral 1) is indistinct without such a portion photographed 

The etching rates of insulation materials to an alkaline j n white as the crystal grain boundary phase (reference 

solution are set forth in Table 2. 25 numeral 2) shown in FIG. 9. 

As is apparent from the table, AiN has a very high etching This is because the AIN film shown in FIG. 7 contains no 

rate man conventional insulation materials such as AtjOj light element such as B or O in its crystal grain boundary 

and SiOj conventionally employed as a gap layer 2,6. phase. 

FIG. 7 is a high resolution transmission electron micro- when a crystal grain boundary phase of AIN contains a 

graph (TEM) of an AIN film formed on a substrate and FIG. 30 light element such as B or C as in the present invention, the 

8 is a mimetic diagram illustrating a part of the high thermal conductivity of the crystal grain boundary phase is 

resolution transmission electron micrograph shown in FIG. supposed to decrease. The crystalline phase of the AIN is, 

however, a columnar phase as mentioned above, therefore, 

The area pointed by the reference numeral 1 in the high beat generated in the magnetoresistive clement layer can be 

resolution transmission electron micrograph shown in FIGS. 35 satisfactorily transmitted through the crystalline phase. 

7 and 8 indicates a crystalline phase, illustrating that this Thus, it is speculated that the crystal grain boundary phase 

crystalline phase is composed of a columnar crystal. having a low thermal conductivity docs not very much affect 

As is found from FIG. 7, the crystalline phase comprises thermal conduction, 

a large mass of each crystal and is formed into a columnar When an amorphous phase containing a light element 

crystal through the film. One of reasons of a high thermal 40 such as B or C is separated or deposited in a crystal grain 

conductivity of an AIN film resides in that the crystalline boundary phase of AIN as in the present invention, the 

phases thereof are columnar crystals as shown in FIG. 5. corrosion resistance of AIN against an alkaline aqueous 

The space between each of the crystalline phases is an solution can be improved and hence its etching rate can be 

amorphous crystal grain boundary phase. 4J decreased from 410 (angstrom/mm) when its crystal grain 

Since each crystalline phase is a columnar crystal as boundary phase contains no light element to about 75 

described above, the crystal grain boundary phase formed (angstrom/rain). 

between each of the crystalline phases is supposed to be FIG. 4 is a sectional view of a thin film magnetic head 

formed in the direction from the surface of the film to the illustrating a preferable structure when an AIN film 13 is 

substrate (bottom of the film). x used as the lower gap layer 2. 

It is speculated that an alkaline aqueous solution perme- As illustrated in FIG. 4, an adhesion layer 12 composed 

ates from a crystal grain boundary phase formed on the of an insulation material is formed on the lower shield layer 

surface (Le., exposed to) of the AIN film into inside the AIN 1, and onto this adhesion layer 12, the AIN film 13 is formed, 

film and dissolves the film. In this embodiment, the AIN film 13 is not formed direcdy 

According to the present invention, therefore, an amor- 55 on the lower shield layer 1 but formed with the interposition 

phous phase containing a light clement being chemically of the adhesion layer 12. This is because the AIN film 13 has 

more stable against an alkaline solution than AIN, i.e., one a poor adhesion to a lower layer (the lower shield layer 1) 

or more member selected from the group consisting of B, C, and a high film strength so that it liable to peel. 

O and Si, is separated in the crystal grain boundary phase so Therefore, according to this embodiment, the adhesion 

as to improve corrosion resistance of the AIN film. layer 12 composed of an insulation material is first formed 

As apparent from Table 2, Alj0 3 containing oxygen (O) on the lower shield layer 1 and then the AIN film 13 is 

and Si0 2 containing silicon (Si) have a lower etching rate formed on the adhesion layer 12. 

against an alkaline aqueous solution than that of AIN, and it The anchor layer 12 in the present invention should be an 

is speculated that incorporation of oxygen or silicon into the amorphous phase, Provided that the adhesion layer 12 is a 

film improves the corrosion resistance thereof. «s crystalline phase, the film stress of the AIN film 13 increases 

To deposit or separate an amorphous phase containing a due to difference between the lattice constant of the AIN film 

light element in the crystal grain boundary phase of the AIN 13 and that of the adhesion layer 12. 
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In the present invention, the adhesion layer 12 is advan- A1N, SiC, diamond-like carbon (DLC), BN, MgO, SiAlON, 

ugeousJy formed of one or more members selected from the Si,N 4 , SXX), SiN, SiON and SiCON, each of which has a 

group consisting of Al 2 O s , Si, SiO,, SiN and SiC which satisfactory thermal conductivity as mentioned above. Of 

have a low film stress and excellent adhesion. these substances, the insulation film is more advantageously 

In addition, the film thickness of the adhesion layer 12 is s composed of AlN. 

preferably minimized, and to be more specific, is equal to or The non-magnetic metal layer 11 is advantageously com- 

less than 100 angstroms. posed of a metal or an alloy of members selected from the 

The anchor layer 12 thick in Qlm thickness is not preferred group consisting of Cu, Ag, Au, Ti and Cr. 

because the thermal conductivity of the lower gap layer 2 is According to this embodiment, where the non-magnetic 

decreased when it is composed of an insulation material 10 metal layer 11 having a higher thermal conductivity than the 

having a low thermal conductivity such as A1 2 0„ and such insulation layer 10 is interposed between the insulation 

a great film thickness invites the adhesion layer 12 to contain layers 10,10, the thermal conductivity as a whole can be 

a crystalline phase so as to increase the film stress of A1N enhanced as compared to a single layer of the insulation 

film 13 as described above. layer 10. The insulation properties of the gap layer 2,6 is 

When the insulation film is composed of diamond-like 1S satisfactorily retained due to the insulation properties of the 

carbon (DLC), the adhesion layer 12 is also preferably insulation layer 10. 

formed under the insulation film. Whereas the insulation layer 10 is preferably composed of 

In addition, a protective layer 14 composed of an insula- an insulation film having a high thermal conductivity such as 

tion material is formed on the A1N film 13, as illustrated in of A1N as described above, it can also be composed of 

FIG. 4. AUG,, Si0 2 or other material conventionally used as gap 

Since the surface of the A1N film 13 is very rough, the ****** and h , ave extremely high insulation 

magnetoresistive element layer 16 or other layer can hardly Parties m sp.te of their low thermal conductivity, 

be formed directly on the AlN film 13, and accordingly the when me "*ulation layer 10 is, however, composed of 

protective layer 14 is formed on the A1N film 13 for „ ^ or omer conventional material, its thickness 

smoothing the surface of the lower gap layer 2 snouM P rcferab5 y be minimized. When the insulation layer 

As described above, the A1N film 13 has a poor corrosion ™ """posed of AL.O, or SiO, is thick, heat does not pass 

resistance against an alkaline aqueous solution so that it is ,h ° r ulat,0 ° ,ayer 10 duc t0 ,ls tow r ^ nnal «> nd ™y 

preferably contains a light element being chemically stable *f he °? ,he f™™ 1 1 ™P*™™ ° f lhc magnetoresistive 

such as B or C separated in its crystal grain boundary phase. » c . lcm ? nt layc f 16 c ^ "»«»* »ine ?^ aa 45 °° nVcn ; 

In addition, when an insulation material having a satisfac- "° nal Incidentally, the .nsuiaUoa properties of 

tory corrosion resistance against an alkaline aqueous solu- ,h f "^ aton » exposed of AL.O, or Si0 2 ran be 

tion is employed as the protective layer 14 according to the rc,aincd even wbcn ,hc ,n,ckncss of ^ film 18 » tmn - 

invention, the corrosion resistance of the A1N film can When the insulation layer 10 is composed of an insulation 

further be enhanced 35 filnJ navm 8 a m 8 n Ihennal conductivity such as A1N, it is 

Therefore, the protective layer 14 is advantageously com- ak ° prcferab , le J*. 1 ,b f film lKd ^ of i T^ Ba fi,m }° 
posed of one or more members selected from ALO,, Si0 2 ^ mM ^ ""J" nn ^. reta«nmg satisfactory .nsula- 
and shown in Table 2 each having an e^ellem ,10 ° *T °? ,bm 1 ulsul . a ,on ^ «» ( ^^les teat gen- 
„„„„,,„„ „ . , 0 crated from the magnetoresistive clement layer 16 to trans- 
corrosion resistance. jn mil more efSciently to the shield layer lor 7. 

mit Snlt Pr ° ,eCUVC W K Prefcrably m,n '- «n <be P^nt invention, when the gap layer 2,6 has a 

10 ° ™ . . multilayer structure illustrated in FIG. 5, a layer facing the 

In the thin film magnetic head illustrated in FIG. 4, the magnetoresistive element layer 16 should be formed of the 

upper gap layer 6 is composed of a conventional insulation insulate i a y er 10. To be more specific, when the lower gap 

material such as Al 2 Oj, whereas the upper gap layer 6 can | aver 2 b composed of the multilayer structure as shown in 

be composed of an AlN film 13 similarly to the lower gap no. S , a top layer of the lower gap layer 2 is formed of an 

layer 2, In such a case, it is more preferable to form an insulation layer 10, and when the upper gap layer 6 is 

adhesion layer 12 composed of an insulation material under composed of tbe multilayer structure, a bottom layer of the 

the AlN film 13 and a protective layer 14 of an insulation upper gap hyct 6 is composed of an insulation layer 10. 

material on the AlN film 13. This is because if a layer of the gap layer 2,6 in contact 

According to the present invention, the AlN film 13 can with tbe magnetoresistive element layer 16 is composed of 

be incorporated with non-magnetic metal grains having a a non-magnetic metal layer 11, a sensing current to flow 

higher thermal conductivity than the AlN film 13. through tbe magnetoresistive clement layer 16 also flows 

The non-magnetic metal grains are preferably composed [awards a non-magnetic metal layer 11. 

of one or more members selected from the group consisting JS when the upper gap layer 16 has the multilayer structure 

of Cu, Ag, Au, Ti and Cr. shown in FIG. 5, a non-magnetic metal layer 11 should be 

Next, to further enhance the thermal conductivity of the inhibited to be formed around the connection 9 illustrated in 

gap layer 2,6, the structures of the lower gap layer 2 and the FIG. 3. 

upper gap layer 6 (or either one of them) are improved As described above, a sensing current flows from the main 

according to the present invention. w electrode layer 8 through the connection 9 to the electrode 

FIG. Sis an enlarged partial secu'onal view illustrating the layer 5. When a non-magnetic metal layer 11 is formed 

lower gap layer 2 and the upper gap layer 6. adjacent to or in contact with the connection 9, the current 

As illustrated in FIG. 5, the gap layer 2,6 has a multilayer also flows into the non-magnetic metal layer 11 through the 

structure comprising an insulation layer 10 and a non- connection 9. 

magnetic metal layer 11 each laminated in turn. 65 FIG. 6 is a sectional view illustrating a thin film magnetic 

Tbe insulation layer 10 is preferably formed by an insu- head when the lower gap layer 2 has a simplest multilayer 

lation film composed of one or more members selected from structure as shown in FIG. 5, i.e., a two-layer structure. 



US $252>749 Bl 

13 14 

As illustrated in FIG. 6, an upper layer of the lower gap plane or a (220) plane of the crystalline phase is oriented in 

layer 2 facing the magnetoresistive element layer 16 is the direction perpendicular to a plane of the film, or that the 

composed of an insulation layer 10, and a lower layer of the (002) plane of the crystalline phase is preferred-oriented in 

lower gap layer 2 facing the lower shield layer 1 is com- the direction perpendicular to the film plane so that the peak 

posed of a non-magnet metal layer 11. s intensity ratio of the (002) plane relative to the (220) plane 

According to the present invention, the upper gap layer 6 measured by X-ray diffractometry is more than 0 and equal 

can have a two-layer structure similar to the lower gap layer ,0 or lcss thaB 3 S » or t^al to or more than 9.7. 

2, and in such a case, a lower layer of the upper gap layer The orientation as mentioned above can further enhance 

6 facing the magnetoresistive element layer 16 is formed of the thermal conductivity of the A1N film, 

an insulation layer 10, and its upper layer facing the upper « According lo the embodiment of the invention, it is 

shield layer 7 is formed of a non-magnetic metal layer 11. advantageous to improve alkaline resistance of the A1N film 

When the upper gap layer 6 has a two-layer structure, a by separating a light clement such as B or C in crystal grain 
non-magnetic metal layer 11 should be prevented from boundary phase of the A1N film. In addition, it is advanti- 
forming around the connection 9 shown in FIG. 3. This is geous to form a protective layer composed of an insulation 
because if the non-magnetic metal layer 11 is formed in 15 material having a high alkaline resistance onto the A1N film, 
contact with the connection 9, a current from the main Further, an anchor layer composed of an insulation mate- 
electrode layer 8 also flows into the non-magnetic metal rial is preferably formed under the A1N film to prevent the 
layer 11. A1N film from peeling. The anchor layer should, however, 

The upper gap layer 6 illustrated in FIG. 6 is composed of 2Q be an amorphous phase, 

a single layer, and this upper gap layer 6 is preferably Next, according to the invention, the gap layer 2,6 has a 

formed of an insulation film having a high thermal conduc- multilayer structure or two-layer structure composed of an 

tivity such as of AIN or SiC as mentioned above. insulation layer and a non-magnetic metal layer, whereas 

Whereas the insulation layer 10 constituting the lower gap such a gap layer 2,6 is conventionally composed of a single 

layer 2 is preferably composed of an insulation film of, for 2 s !aver - The aforementioned multilayer structure can further 

example, A1N or SiC having a high thermal conductivity as improve the thermal conductivity of the gap layer 2,6. 

described above, it can also be composed of a film of ALjO, The gap layer 2,6 improved in material or structure as 

Or Si0 2 having a tow thermal conductivity. In such a case, above has excellent insulation properties and a high thermal 

the thickness of the insulation layer 10 should advanta- conductivity. Accordingly, even when a current density is 

geously be minimized. 30 increased for providing a higher recording density, heat 

The non-magnetic metal layer 11 is preferably formed of generated from the magnetoresistive element layer 16 is 

one or more members selected from Ox, Ag, Au, Ti and Cr. efficiently transmitted through the gap layer 2,6 to the shield 

According to this embodiment, as the lower gap layer 2 layer 1 or 7 so as to prevent the temperature of element of 

has a two-layer structure being simplest among the multi- the magnetoresistive element layer 16 from elevating and to 

layer structures as shown in FIG. 5, the lower gap layer 2 35 obtain a satisfactory regeneration sensitivity, 

having a multilayer structure (two-layer structure) can be The present invention will now be described in more 

obtained by a least number of manufacturing sleps with ease. detail with reference lo the following examples. 

In addition, since the lower gap layer 2 comprises the 

non-magnetic metal layer 11 having a high thermal EXAMPLES 

conductivity, heat generated from the magnetoresistive ele- 40 A lnul film magnetic head as shown in FIG. 1 having 

ment layer 16 can efficiently be transmitted to the lower i ower an d upper gap layers 2 and 6 composed of A1N was 

shield layer 1 as compared to the upper gap layer 6 formed prepared as an inventive example; and that composed of 

of a single layer, AL0 3 was prepared as a comparative example. The rela- 

As described above, in the present invention, at lease one tionship between a sensing current and an elevation rate of 

of the lower gap layer 2 and the upper gap layer 6 45 temperature of the magnetoresistive element layer 16 in both 

(hereinafter briefly referred to as the gap layer 2,6) is thin film magnetic heads was examined. The results are set 

improved in its material or structure so as to enhance its forth in FIG. 11. The thin film magnetic heads of the 

thermal conductivity. inventive example and comparative example were prepared 

As practical examples of the material of the gap layer 2,6 J0 so as to have the same direct current resistance (OCR) of 

in this embodiment, there may be mentioned insulation films element. 

each composed of one or more members selected from the As apparent from FIG. 11, it was found that the elevation 

group consisting of A1N, SiC, diamond-like carbon (DLC), rate of the element temperature of the magnetoresistive 

BN, MgO, SiAlON, AlON, Si 3 N 4 , SICO, SiN, SION and element layer 16 increases with an increasing sensing cur- 

SICON. These insulation films have a higher thermal con- J$ rent regardless of whether the gap layer 2,6 is composed of 

ductivity than films of AL.O3 or SiO z conventionally used as AI1Q3 or AIN, and that when the gap layer 2,6 is composed 

gap layers. of AIM, the temperature elevation rate can be suppressed as 

In addition, to further enhance the thermal conductivity, compared to the gap layer 2,6 composed of A1 2 0 3 . 

the crystallinity of the insulation film is improved or the This is because AIN has a higher thermal conductivity 

insulation film is incorporated with non-magnetic metal 60 than AljOj, and hence the gap layer 2,6 composed of AIN 

grains. enables beat generated from the magnetoresistive element 

In particular, it is advantageous in the embodiment to use layer 16 to escape more efficiently to the shield layer 1 or 7 

AIN having a satisfactory crystallinity and a high thermal so as to prevent the temperature of the magnetoresistive 

conductivity as the gap layer 2,6. element layer 16 from elevating when compared to the gap 

In such a case, a crystal face of a crystalline phase is 65 l aver 2 ><> composed of A1 2 0 3 . 

preferably oriented in the direction perpendicular to the film Next, orientation of a (002) plane of an AIN film was 

plane. More concretely, it is preferable that either a (002) investigated and the relationship between the orientation of 
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As described above, the present invention can enhance the insulating Sim is preferentially oriented in a direction per- 
ihernial conductivity of the gap layer by improving material pcndicular to a plane of the film, 
or structure of the gap layer. Accordingly, even when a 12. The thin film magnetic head as claimed in claim 11, 
current density is increased in order to increase a recording wherein a (002) plane of the crystalline phase is oriented in 
density, heat generated from a magnetoresistive element 5 a direction perpendicular to a plane of the film, 
layer is efficiently transmitted to a shield layer so as to 13. The thin film magnetic head as claimed in claim 11, 
prevent the temperature of element of the magnetoresistive wherein a (220) plane of the crystalline phase is oriented in 
element layer from elevating and thereby to enhance its a direction perpendicular to a plane of the film- 
regeneration sensitivity. 14. The thin film magnetic head as claimed in claim 11, 

Other embodiments and variations will be obvious to wherein a (002) plane of the crystalline phase is prefcren- 

those skilled in this art, this invention is not to be limited tially oriented in a direction perpendicular to a plane of the 

except as set forth in the following claims. film. 

What is claimed is; IS. The thin film magnetic head as claimed in claim 11, 

1. A thin film magnetic head comprising a magnetoresis- wherein a (220) plane of the crystalline phase is preferen- 
tive element layer formed on a lower shield layer with the tially oriented in a direction perpendicular to a plane of the 
interposition of a lower gap layer, an electrode layer for 15 film. 

imparting a sensing current to said magnetoresistive element 16- The thin film magnetic head as claimed in claim 11, 

layer, and an upper shield layer formed on the eletrode layer wherein a ratio of the peak intensity of a (002) plane to the 

with the interposition of an upper gap layer, at least one of peak intensity of a (220) plane measured by X-ray diffrac- 

said lower gap layer and said upper gap layer having an tometry is in a range of more than 0 to 3.5 or in a range of 

insulating film primarily composed of one or more members 20 9.7 or more. 

selected from the group consisting of A1N, SiC, BN, MgO, 17. The thin film magnetic head as claimed in claim 11, 

SiAlON, AlON, SijN 4 , SiCO, SiN, SiON and SiCON, wherein a ratio of the peak intensity of a (002) plane to the 

wherein said insulating film has a structure comprising peak intensity of a (220) plane measured by X-ray difixac- 

crystallinc phases and a crystal grain boundary phase tometry is in a range of more than 0 to less than 1.0. 

between the crystalline phases, and the crystal grain bound- 25 18 - ^ film magnetic head as claimed in claim 1, 

ary phase is an amorphous phase containing at least one wherein said insulating film further comprises non-magm:!ic 

clement selected from the group consisting of B, C, O and me , t * 1 ^ los -. „, .... ,.,-,•,« 

gj 19. The thin film magnetic head as claimed in claim 18, 

2. THe thin film magnetic head as claimed in claim 1, whcr< : in non-magnetic metal grains comprise at least 
. . ... j . , "SV .. . ., . -.,».,' one element selected from the group consisting of Cu, Ag, 

wherem said insulating film is pnmanly composed of A1N, 30 Au yj and Cr v v 6 ^ 

and has a structure comprising crystalline phases and a 2 ' 0 A (hin film magm . tic head coding a magnetore- 

crystal grain boundary phase between the crystalline phases, sis , ive clemcnt i aycr fotmed on a i owcr snield layer wj m ttle 

and the crystal gram boundary phase is an amorphous phase interposition of a lower gap layer, an electrode layer for 

containing at least one element selected from the group imparting a sensing current to said magnetoresistive element 

consisting of B, C, O and SI. 35 j ayer> an d an upper shield layer formed on the eletrode layer 

3. The thin film magnetic head as claimed in claim 2, with the interposition of an upper gap layer, at least one of 
wherein a crystal plane of the crystalline phase is prefcren- said lower gap layer and said upper gap layer having an 
tially oriented in a direction perpendicular to a plane of the insulating film primarily composed of one or more members 
film. selected from the group consisting of AIM, SiC, BN, MgO, 

4. The thin film magnetic head as claimed in claim 3, <to SiAlON, AlON, Si,N„, SiCO, SiN, SiON and SiCON, 
wherein a (002) plane of the crystalline phase is oriented in wherein said insulating film further comprises non-magnetic 
a direction perpendicular to a plane of the film. metal grains. 

5. The thin film magnetic head as claimed in claim 3, 21. The thin film magnetic head as claimed in claim 20, 
wherein a (220) plane of the crystalline phase is oriented in wherein said non-magnetic metal grains comprise at least 
a direction perpendicular to a plane of the film. 45 one element selected from the group consisting of Cu, Ag, 

6. The thin film magnetic head as claimed in claim 3, Au, Ti and Cr. 

wherein a (002) plane of the crystalline phase is prcfercn- 22. A thin film magnetic head comprising a magnetore- 

tially oriented in a direction perpendicular to a plane of the sistive element layer formed on a lower shield layer with the 

film. interposition of a lower gap layer, an electrode layer for 

7. The thin film magnetic head as claimed in claim 3, 50 imparting a sensing current to said magnetoresistive element 
wherein a (220) plane of the crystalline phase is prefcren- layer, and an upper shield layer formed on the eletrode layer 
tially oriented in a direction perpendicular to a plane of the with the interposition of an upper gap layer, at least one of 
film. said lower gap layer and said upper gap layer having an 

8. The thin film magnetic head as claimed in claim 3, insulating film primarily composed of A1N, wherein said 
wherein a ratio of the peak intensity of a (002) plane to the 55 insulating film comprises a crystalline phase, and a crystal 
peak intensity of a (220) plane measured by X-ray diffrac- plane of the crystalline phase is preferentially oriented in a 
tometry is in a range of more than 0 to 3.5 or in a range of direction perpendicular to a plane of the film. 

9.7 or more. 23. The thin film magnetic head as claimed in claim 22, 

9. The thin film magnetic head as claimed in claim 3, wherein a (002) plane of the crystalline phase is oriented in 
wherein a ratio of the peak intensity of a (002) plane to the 60 a direction perpendicular to a plane of the film. 

peak intensity of a (220) plane measured by X-ray diffrac- 24. The thin film magnetic head as claimed in claim 22, 

tometry is in a range of more than 0 to less than 1.0. wherein a (220) plane of the crystalline phase is oriented in 

10. The thin film magnetic head as claimed in claim 2, a direction perpendicular to a plane of the film, 
wherein the crystalline phase of said insulating film com- 25. The thin film magnetic head as claimed in claim 22, 
prises a columnar crystal. 65 wherein a (002) plane of the crystalline phase is preferen- 

11. The thin film magnetic head as claimed in claim 10, tially oriented in a direction perpendicular to a plane of the 
wherein a crystal plane of the crystalline phase of said film. 
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